In this paper, we propose an approach for sharing data processing functions such as image to atlas registration and matching, based on platform-independent interfaces called "web services". A prototype implementing this concept is described, enabling a user to match image data, e.g. MRI, to the Talairach atlas, as well as to 3D-data atlases such as the Statistical Probability Anatomy Maps (SPAM) datasets developed by the Montréal Neurological Institute (MNI). We emphasize architectural issues rather than functional aspects, which we consider classical.
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Introduction
In the context of neuroimaging, it is often useful to match anatomical (e.g. MRI, CT) or functional (e.g. fMRI, PET, MEG/EEG) observations with a priori knowledge about brain anatomy and function. Representing this knowledge and implementing tools achieving this matching [1] usually relies on specific and ad hoc approaches, leading to a significant duplication of effort. Today, the progress of communication infrastructures and techniques, and particularly the Internet, enables a widespread sharing and reuse of data and knowledge, by both humans and machines, through platform-independent interfaces (e.g. web services). This kind of technology is more and more used in commerce and industry, as a result of the development and promotion activities of large organizations such as the Organization for the Advancement of Structured Information Standards (OASIS). It is clear that the medical image computing field could certainly benefit of components and standards developed in these contexts.
We hypothesized that matching anatomical or functional observations with a priori knowledge about the brain involves some common functions, and that these functions are relevant in several applications (e.g. clinical practice, research, education). Typically, such functions involve aligning a subject's set of images with a reference coordinate system (e.g. the Talairach reference coordinate system), and retrieving atlas plates corresponding to a particular point selected in one of the subject's images.
We revisited the classical problem of atlas matching and propose an architecture based on web services for providing unified access to two kinds of brain atlases, namely: (1) plates-based atlases such as the Talairach atlas for brain anatomy [2] , and an atlas of Brodmann areas derived from Damasio's work [3] and available in the distribution of the MRIcro software (Chris Rorden) [4] , (2) 3D-data atlases such as the Statistical Probability Anatomy Maps (SPAM) datasets developed by the Montréal Neurological Institute (MNI). The SPAM provide statistical information about the position (in a standard space) of 98 brain structures such as cortical gyri, basal ganglia, lobes, etc. Each anatomical structure is represented by a 3D dataset, in which each voxel denotes the probability of presence of this structure at this particular voxel (for details about the SPAM building process, see [5] ). Thresholding of this volume (e.g. at a 0.5 or 0.75 probability value) allows a 3D surface to be defined, that can then be displayed, thus providing the user with an estimate of the position and shape of this structure in space. The primary goal of this prototyping work was to assess the relevance of this approach (complexity, actual reuse-ability of the web services, etc.)
Methods

Architecture
The proposed architecture involves client applications that invoke remote services implemented as web services, i.e. that are accessible through internet thanks to the Simple Object Access Protocol (SOAP) over HTTP. The primary advantage of this approach is that many client applications can share the processing tools implemented as web services.
Functional aspect
Two major services were defined : -retrieval of the three atlas plates (in the sagittal, coronal and axial planes) corresponding to a 3D point of interest specified by the client application, together with the name of the atlas to be used. The coordinates of this 3D point may be represented either in a "client coordinate system", or in a "standard coordinate system"; -Retrieval of the SPAM surfaces, in response to a request from the client application specifying the anatomical structure to be retrieved (SPAM name) and the level of thresholding to be used (probability > 0.0 ; 0.5 ; 0.75).
In our work, one of the common services consisted in calculating and applying geometrical transformations between a "client coordinate system" and a "standard coordinate system". The "client coordinate system" was defined by the client application; in our prototype, it was usually defined by the MRI dataset that the user wanted to match with the atlases. The "standard coordinate systems" was "the Talairach and Tournoux reference coordinate system" (as defined in the 1988 atlas [2] ) and the "MNI coordinate system" [6]: the former was defined by the Talairach coordinate system fiducials (namely, a list of three or more points belonging to the interhemispheric plane, the anterior commissure, the posterior commissure, and the right and left hemispheres' most anterior, most posterior, most superior and most inferior points); the latter was defined with respect to the former by an affine transformation [6].
Client applications
We considered two important application contexts:
(1) the direct consultation of atlas plates by a user using a web browser, (2) the consultation of atlas plates and SPAM data in a complex application, dedicated to the segmentation and display of MRI data. This application was initially developed to segment cortical sulci, as part of the preparation of neurosurgical procedures involving multimodal neuronavigation.
Since the same atlas matching capabilities were involved, an important feature was then to be able to reuse the same components in both cases.
Results
A set of web services was designed and implemented (in PHP). The most important ones were:
• function sessionCreation() : to create a session context on the server side • function logout() : to release the session context on the server side • function build_client_referential() : to store in the session context the characteristics of the client coordinate system (based on the Talairach coordinate system fiducials provided by the client application) • function get_result_atlas() : to retrieve the atlas plates and the related cursor positions, corresponding to a particular 3D point • function get_spam_surface() : to retrieve the surface of a particular SPAM The implementation of the web services was made using the NuSOAP (dietrich.ganx4.com/nusoap/index.php) and PySOAP (use of SOAP in programs written in Python) libraries.
Implementation of the direct consultation of atlas plates through a web browser made it necessary to develop a suitable presentation server (written in PHP), accessible in HTTP. It was responsible for requesting the atlas plates from the web services server using SOAP messages, and to put the information together as html pages that were then served to the web browser by HTTP (Fig. 1) . In the second application (written in Python), all presentation and user interaction aspects were directly managed by the application (Fig. 2) . 
Conclusion
The prototypes were deployed in our research lab's intranet. At this stage, their assessment was made from a pure technical point of view. It means that any discussions about the functional added value, or regarding precision of registration were out of our scope. Performance was found satisfactory in the sense that atlas plates (represented in JPEG and encoded in Base64) were transferred and displayed without significant delay.
The implementations of SOAP that we have used were both fast and reliable. Security issues have not been addressed so far. It is clear that deployment of our web services over the internet will make it necessary to implement authentication and access control mechanisms.
This feasibility study allowed to demonstrate the ability of web services to integrate components developed in very different environments (e.g. Python on the client side, and PHP on the server side), as well as the reuse-ability of the web services.
Other lessons learned from this prototype implementation concerned the definition of the interface, especially regarding the services' granularity: actually, a tradeoff had to be found between numerous atomic "ancillary services", with high reuse potentialities, and more specific "application-level services", probably easier to understand and use.
We believe that such approaches, based on the availability of image processing services, may change significantly the way applications are developed and integrated in the medical imaging field. From a research perspective, it raises new questions concerning the interoperability of components, e.g. about the way to represent interoperability contraints. In this regard, the creation of a new working group in the DICOM arena (DICOM working group 23 "application hosting") is highly significant.
